Part I Diverticulosis and diverticulitis Diverticular disease of the colon is a common cause of morbidity among many western races, and, being especially a disease of the elderly, is becoming a problem of increasing magnitude.
Abdominal symptoms are common in this age group, and in the absence of evidence of other disease, the finding of diverticula on x-ray examination is prone to lead to a diagnosis of 'diverticulitis'. The frequency with which such an association is a chance one, without causal relationship, would depend on the incidence of diverticulosis in the normal population.
It is probable that the present safety of colonic surgery is the major reason for a tendency to treat diverticular disease by resection at an early stage, for there has been little work reported on the natural history of the disease when treated conservatively to prove that routine surgical excision is justified. The work which has been reported suggests that the disease is not as inexorable in its progress to serious complications as much surgical literature implies (Bolt and Hughes, 1966; Horner, 1958) .
Detailed studies of the pathology of diverticular disease are also surprisingly few, considering its importance as a cause of morbidity, while very little indeed is known of its aetiology. Deficiences in knowledge of aetiology and basic pathology make rational treatment difficult. This, together with the tendency to frequent diagnosis and radical therapy, may readily lead to overtreatment.
This work has been carried out to determine the incidence of diverticula and associated pathology in Queensland, to attempt to assess the relationship of diverticula to symptoms, and to seek any evidence which may throw light on the aetiology of this condition.
MATERIALS AND METHODS
each of 100 consecutive colons, the first taken during winter and the second during summer. The colons in this series were fixed in the undistended state, and all personally examined 24 to 48 hours after fixation. The mesentery and associated fat was dissected from the left colon, and the bowel carefully examined from internal and external aspects for the presence of diverticula. In this way small diverticula 2 to 3 mm in diameter were readily found. The colon and pericolic tissues were carefully examined for signs of recent or old infection, and sections were taken from such areas for histological study.
Among details routinely recorded during necropsies at this hospital are the presence or absence of gallstones, an assessment of the degree of atheroma of the aorta, and the thickness of the subcutaneous fat at the umbilicus. These details were taken from the postmortem records for correlation with the presence of diverticula. The clinical records of all patients were studied to determine the cause of death and the presence of coexistent disease, including hypertension, and the presence of bowel symptoms at the time of admission or as recorded in the past history. Diver- ticula were found in 90 of the 200 colons (Table I) . Colons were studied from 200 unselected necropsies at the Princess Alexandra Hospital, Brisbane, in two series
INCIDENCE AND RESULTS

INCIDENCE OF DIVERTICULA IN THE COLON
In five of these the caecum alone was involved. As this may be a distinct condition, these have been 336
The distribution of diverticula around the circumference of the bowel, in particular in the sigmoid colon, did not differ from that reported by other workers (Slack, 1962; Watt and Marcus, 1964 In the other 10 cases, the caecum was involved more or less discontinuously, and the details of this group are set out in Table II Jejunal diverticula of the typical multiple, mesenteric type are occasionally associated-perhaps by chance-with colonic diverticula. Ileal diverticula have been reported much less commonly. In two cases in this series, small (5 mm) false diverticula were situated just proximal to the ileo-caecal valve (no jejunal diverticula were present). The first case was noted towards the end of the series and until this time the small bowel had not been examined, so the incidence of terminal ileal diverticula associated with colonic diverticula could not be assessed. Spriggs and Marxer (1925) , from their radiological studies, described these diverticula of the terminal ileum in association with colonic diverticula. Chronic periileal inflammatory disease is occasionally seen in this region and these diverticula may be a causative factor in this lesion. A distinct trend of an increasing incidence of diverticulosis with increasing atheroma of the aorta is seen ( x2 = 38-67 for linear trend in proportions, P = < 0.001). However, this figure must be considered with due regard to the possible observer error mentioned above and the relationship is complicated by the fact that atheroma of the aorta in this series also increased with age. of 'mild recurrent symptoms' consisted mainly of intermittent pain in the left iliac fossa and irregularity of bowel habit. Constipation as an isolated longstanding symptom was ignored. The relationship of symptoms to the presence of diverticula and muscle thickening (Hughes, 1968a and b) is set out in Table VII. DISCUSSION INCIDENCE OF DIVERTICULA The quoted incidence of diverticulosis varies widely with different sources. There is a definite racial variation, the condition being rare in many underdeveloped countries, and virtually unknown as a cause of inflammatory disease. Here the main protective factor appears to be a high-residue diet, although genetic differences and the lack of certain stresses of civilization may play a part. Even in countries as close to each other as Finland and Sweden the incidence varies considerably, Swedes suffering from this condition three times as commonly as do the Finns (Kohler, 1963) . In Anglo-Saxon countries, the incidence of diverticulosis is usually quoted as being in the region of 5 % to 10 % of adults submitted to barium enema. From time to time higher figures have been quoted, but these have not been given the emphasis they should deserve from the fact that high incidences are more likely to be closer to the truth than low ones. Barium studies are not altogether satisfactory, as diverticula frequently fail to fill on a barium enema, presumably from obstruction of the necks as a result of spasm. Follow-through studies are more reliable, but still underestimate the incidence because small diverticula do not retain their contents for long periods. With the exception of a recent careful study on normal subjects by Manousos, Truelove, and Lumsden (1967) where the incidence found was 76 % under the age of 60 years and 35 % above this age, radiological series preselect those patients with bowel symptoms and are therefore unreliable guides to the incidence among the general population.
As diverticulitis is a relatively rare cause of death (500 cases a year in Great Britain) and diverticular disease has not been shown to be associated with any common cause of admission to hospital or death other than diverticulitis, studies on consecutive necropsies should give the most accurate results. Such studies should be prospective, for careful examination is needed to detect early diverticula or those obscured by mesenteric fat. Large retrospective series nearly always underestimate the incidence for this reason, and Dearlove (1954) , examining the case records of 7,000 Australian necropsies, found an incidence ranging from nil at 40 years of age to 7 % at 70 years compared with figures of 9 % and 56 % in this series. The high incidence of diverticula reported in this series is neither unique nor a recent finding. For instance, Mourgues (1913) found diverticula in 30% of 100 consecutive necropsies on aged subjects, and Bumm (1933) found an incidence of 33 % in 920 necropsies in cases over the age of 50. However, in a more recent necropsy series, Slack (1962) found diverticula in only 18% of a consecutive series of 141 necropsies in London. As diverticula were completely confined to the sigmoid colon in 88% of Slack's cases, compared with 41 % in this series, it is interesting to speculate that his series may have been from a population with an unusually low incidence of diverticula for a western country.
CAECAL DIVERTICULA The incidence of caecal involvement of 12% of all patients and 25% of patients with colonic diverticula is higher than in most other series, though not many accurate studies have been undertaken. Ochsner and Bargen (1935) found diverticula of the right colon in only 2% of 151 cases of diverticulosis, and Williams (1960) found caecal involvement in only 14 of 290 barium enemata showing colonic diverticulosis. It is obvious from this study that caecal diverticula will be frequently found if looked for carefully. It seems likely that the five cases of caecal diverticula associated with left-sided diverticula and a long unaffected area of colon in between were primary caecal diverticula with unrelated involvement of the sigmoid, although it is possible that the distensibility of the caecum from back pressure makes this site particularly prone to develop diverticula from the excessive muscular activity of the sigmoid known to be associated with the development of diverticula in this site If approximately 3.5 % of the population have caecal diverticula, the development of diverticulitis must be a complication in relatively few of them, for clinical caecal diverticulitis is a rare condition. None of the 24 cases presented here gave a history of an inflammatory mass in the caecum, and no case showed any evidence of old fibrosis.
It is interesting that no case of caecal diverticulum had muscle in its wall apart from the muscularis mucosa. Most textbooks state that caecal diverticula are congenital with all muscular coats in their walls. When quoted references are consulted, they frequently state that microscopic examination showed all muscle coats to be present, but I have not so far been able to find a histological picture of this state. Williams (1960) reported 10 cases of acute diverticulitis of the caecum and ascending colon, and all of these were of the pulsion type. It may be that the 'congenital' caecal diverticulum is largely a pathological myth. Edwards (1954) has pointed out that hypertrophy of the muscularis mucosa has previously resulted in jejunal diverticula being considered to be congenital.
AETIOLOGY OF DIVERTICULA Seventy years of speculation on the aetiology of diverticulosis and diverticulitis has given rise to-a great variety of opinions, but we still know little about the actual cause. In this regard there are presumably two factors, first, some cause for raised intracolonic pressure, and secondly, for the individual diverticulum, a locus minoris resistentiae in the bowel wall. The work of Painter (1964) and Arfwidsson (1964) has shown that patients with diverticulosis, and possibly its precursor state, develop pressures higher than those of normal subjects, when under certain influences, such as in the postprandial period, and in response to certain drugs, of which morphia is an example.
They have shown that the segmenting action of the sigmoid colon is so great in these patients that short sections of the colon may be completely isolated from the bowel lumen above and below, when contraction will give rise to very high pressures within that area. But much is still not known. The site of maximum muscle abnormality is such (Hughes, 1969c ) that in many cases catheters inserted through a sigmoidoscope must lie below this level, so that pressures at a higher level may be quite different. Again large diverticula are frequently found in the proximal colon, where the bowel shows no tendency to narrow and increased muscular thickening is not seen. Although barium enema studies show that considerable segmenting activity can occur at this level, our knowledge of the degree of pressures developed proximal to the region within reach of the sigmoidoscope is meagre. However, there is little doubt that proximal to the sigmoid small arteries perforating the muscle of the bowel wall constitute the weakness through which the diverticula protrude, for the diverticula in this part of the bowel regularly follow the pattern of the macroscopic blood vessels.
Whereas workers studying sigmoid pressures have reported fairly uniform results, the same is not true of the significance of perforating blood vessels in this region. Diverticula usually appear in two rows along the lateral aspect of the bowel, at sites corresponding to the perforating arteries. Slack (1960) and Arfwidsson (1964) believed that the relationship was a causal one (as did Hamilton Drummond in 1917), but Fleischner, Ming, and Henken (1964) could not confirm this. The two types of early lesions seen in this series (Fig. 5) suggest that more than one mechanism may exist governing the local development of diverticula. These two findings, distinct gaps in the circular muscle and areas of 'pressure atrophy', have previously been noted (Buie, 1939) , and the presence of two mechanisms would help to reconcile the opposing views put forward by different workers.
RELATIONSHIP OF DIVERTICULA TO OTHER POSSIBLE AETIOLOGICAL FACTORS A great many conditions have been suggested at different times as important in the aetiology of diverticulosis, with different workers giving contrary opinions. Obesity is a typical example, as shown in the statement by Hamilton Drummond (1917) : 'Klebs, who investigated the condition, emphasized that the sacculi occurred in fat people. Hanseman pointed out that in his cases they occurred in thin people. Other observers have stated that they are most commonly found in people who were at one time well nourished and had now become thin.' Drummond himself could verify none of these statements, and that is the situation in this series, where diverticula bore no relation to obesity as measured by subcutaneous fat thickness at the umbilicus.
Sir Arthur Keith suggested in 1910 that the basic abnormality in this condition was excessive spasm of the longitudinal muscle of the colon, presumably most marked in the sigmoid region. No relationship between overall length of the colon and diverticular disease was found in this series, but this may not reflect changes localized to the sigmoid colon. Ulcerative colitis is a condition in which the colon becomes grossly shortened as a result of muscle thickening and spasm, but does not bear any resemblance to the colon in diverticular disease.
Saint's triad of gallstones, hiatus hernia, and diverticulosis has recently been questioned as a clinical entity. Horner (1958) showed an association between hernia and diverticulosis. In this series the combination of gallstones and diverticular disease was examined, and the relationship was no greater than might be expected to exist on chance association of two very common conditions.
An attempt was made to assess ischaemia as a possible aetiological factor. There are several reasons for putting this forward as a hypothesis. Ischaemia is becoming increasingly recognized as a cause of bowel pathology, both in acute and chronic forms. However, a considerable deprivation of blood-at least temporarily-is required to produce the syndromes currently recognized. On the other hand, a much lesser degree of anoxia might interfere with neuromuscular function without producing histologically recognizable damage. The inferior mesenteric artery is commonly affected by atherosclerotic disease, and the portion of the colon maximally involved with diverticulosis is midway between the collateral sources of middle colic and middle rectal vessels. Assessment of arterial deprivation in an attempt to investigate these speculations is not easy. Unfortunately, it was not possible to examine the inferior mesenteric artery in all cases. Instead, a subjective assessment of aortic atheroma, together with the diastolic pressure, had to be accepted as general evidence of vascular disease. Hypertension showed no association, but there was a relationship between aortic atheroma and diverticulosis. There is no proof that this relationship was causal, and in fact it is more likely that both were linked with age. This speculation regarding ischaemia must await further experimental work.
EFFECT OF AGE Aging alone requires consideration as a possible initiating cause of the disease or as a factor in its progression. There is no doubt that age is of significance in any discussion of diverticulosis, for the disease is rare in the young adult and the incidence increases progressively with age. However, extension of the disease is not so closely related to increasing age as might be expected. Table IV shows that the median age of patients with minimal diverticular disease is essentially similar to that with involvement of the whole left colon. However, total colonic involvement occurred on the average a decade later than did lesser degrees. Horner (1958) showed that only 28% of cases showed progression over a period of five or more years; the other two-thirds remained static. These findings suggest that there may be some other factor which is more potent than aging alone in determining progression of the disease. DIVERTICULITIS The finding in this series that 12 % of patients with diverticula show some evidence of recent or old diverticulitis indicates that some degree of inflammatory change in association with diverticular disease is obviously very common; presumably pathological changes occur more frequently than would be suspected on clinical grounds. Inflammatory complications in this series showed a strong association with extensive diverticulosis (diverticula extended beyond the sigmoid colon in nine of 10 cases). Of even more interest than the high incidence is the lack of correlation with symptoms. Apart from the two patients in whom perforated diverticulitis was the cause of death, symptoms were mild, six complaining of none, and only one having suffered a clinical attack of diverticulitis. It is likely that some of these patients may have forgotten minor symptoms, but unlikely that all would have forgotten a major attack of diverticulitis. Furthermore, one patient (Fig. 5) had severe inflammation of the sigmoid colon with no bowel symptoms at all. In fact it does not seem possible to predict the pathological findings in most cases of diverticular disease from the clinical and radiological features.
This lack of correlation between pathological findings and symptoms suggests that mild inflammatory changes found in resected specimens should not be used to justify operation. It would seem that operation should be recommended only because of severe clinical symptoms, and when the natural course of the disease would suggest that a particular patient is likely to have more trouble in the future (Bolt and Hughes, 1966) .
SUMMARY AND CONCLUSIONS
A study of diverticulosis and diverticulitis in 200 colons examined at necropsy has been made to build a picture of the disease in the general population. It was found that diverticulosis is very common in the normal elderly population, with an incidence of 43 % of all necropsies, and 48% in necropsies on patients aged 50 years or more. The extent and site of diverticula were similar to those of other surveys.
Analysis ofvarious possible aetiological agents gave largely negative results. No association was found between the presence of diverticula and obesity, length of the colon, gallstones, or hypertension. There was a positive relationship between diverticulosis and increasing degrees of atheroma of the aorta, possibly associated with the effect of age on both conditions. A study of early diverticula revealed two types of local change in the circular muscle wall of the bowel, suggesting that there may be more than one mechanism giving rise to diverticula.
Evidence of recent or old inflammatory disease was found in 12% of all cases with diverticula, mostly in cases with extensive diverticulosis. In two cases, diverticulitis had been the cause of death, and in other cases its presence was not anticipated from the clinical picture.
Caecal diverticula were present in 12 % of the colons, somewhat more than half being associated with diverticula elsewhere in the colon. All cases were of the 'false', thin-walled variety, and no evidence of recent or old inflammation was found in any case. The concept that most solitary diverticula are of the 'true' congenital type is questioned.
An analysis was made of bowel symptoms recorded in the history of the terminal illness. These included two groups of symptoms; those which might be expected to accompany frank inflammatory disease, and the less obtrusive intermittent symptoms commonly associated with uncomplicated diverticular disease. In both cases the correlation between clinical symptoms and pathological findings was poor. It is important to realize that diverticulosis is such a common condition among the general population after middle age that any apparent association between symptoms and the presence of diverticula should be considered to be a chance one until proved otherwise. Evidence of clinical or pathological disease of considerable magnitude should be required before extensive therapeutic measures are considered justified.
Part II The muscular abnormality in the sigmoid colon Diverticula of the sigmoid colon and associated diverticulitis were described clearly and fully in the early years of this century (Telling and Gruner, 1917) . It was noted at this time that thickening of the bowel wall and of the longitudinal muscle in particular was a common finding (Keith, 1910) . Since that time, the muscular thickening has often been noted, and shown clearly in illustrations of pathological specimens, but does not seem to have been considered as an element of the disease in its own right. Rather, it has been looked on as a subsidiary and unimportant aspect in comparison with the inflammatory complications. This perhaps stems from the view of Spriggs and Marxer (1925) , derived from radiological studies, that the muscle abnormality was more a part of the prediverticular state than part of the established disease. An insight into the true significance of the muscle disorder was first given by Morson, who pointed out that many cases subjected to resection for supposed diverticulitis showed no evidence of inflammatory disease, but that a very considerable degree of muscular thickening was present in all the specimens (Morson, 1963) . This paper has stimulated interest in the muscular aspect of diverticular disease, and comprehensive descriptions of radiological appearances (Williams, 1963 (Williams, , 1967b and of manometric studies (Painter, 1964; Arfwidsson, 1964) have appeared. In these papers, the muscle change often present in the sigmoid colon has been discussed at considerable length, taking as a starting point the advanced stage of the condition which is characteristic and readily recognized. However, no detailed analysis has been made in that this muscle abnormality has not been defined, and no accurate description has been made of its frequency, extent, and relation to diverticular pathology or clinical symptoms.
An investigation of colons at necropsy has been carried out in an attempt to remedy some of these deficiencies, and in particular, to put forward a tentative basis for further research. The main purpose of the work described in this paper has been to obtain an overall view of this abnormality in the general population, and to assess its relationship to diverticular disease as a whole. Studies on a smaller experimental group have been used to give a more detailed histological picture of the abnormality and its spatial relationship to the sigmoid colon and associated diverticula, and this work is to be reported elsewhere. The introduction of sigmoid myotomy (Reilly, 1966) , for the relief of symptoms which have been ascribed to this muscular thickening, has added significance to studies of this type.
MATERIALS AND METHODS
Two hundred unselected consecutive colons were studied at necropsy as set out previously (Hughes, 1968) . The colons were examined carefully in a fixed, undistended state. Details of diverticula, muscular thickening, mucosal folds, and evidence of associated pathology were recorded. Sections were taken for histological study of all colons showing any macroscopic abnorm-
